The cardiopulmonary rehabilitation setting presents health care providers with the opportunity to assist in the identification of people at risk for diabetes or who have DM, as well as aiding in the management of associated risk factors and the disease process itself. 13 The frequent contacts between program staff and patients facilitate appropriate referrals for assessment by a dietitian and/or certified diabetes educator (CDE), ongoing followup, and participation in the monitoring and management of DM. 3, 14 Exercise, a core component of cardiopulmonary rehabilitation programs, also has a favorable impact on blood glucose (BG) levels and is a class I indication in the management of DM. 2 The American Association of Cardiovascular and Pulmonary Rehabilitation formed a multidisciplinary panel to review the literature and provide evidencebased guidance for managing glycemic control with exercise, and educating patients about risk factors associated with diabetes, within the cardiopulmonary rehabilitation setting. It is expected that detailed and unit-specific protocols for the management of patients with DM may improve services for these patients, as special considerations are often required because of the increased mortality associated with cardiovascular disease. 7 This "cardiodiabetological" approach is of utmost importance for the sake of these patients as they begin secondary prevention of their chronic dis-
T a b l e 1 • American Diabetes Association
Diabetes Classification a Type 1 diabetes Marked by autoimmune ␤-cell destruction that usually leads to absolute insulin deficiency Type 2 diabetes A result of a progressive insulin secretion defect on the background of insulin resistance Gestational diabetes Diabetes diagnosed during pregnancy that is not clearly overt diabetes (this may be a risk factor to address if educating about diabetes prevention) Other specific types Diabetes due to other causes, for example, genetic defects in ␤-cell function, genetic effects in insulin action, diseases of the exocrine pancreas (such as cystic fibrosis), and drug-or chemical-induced (such as in the treatment of AIDS or after organ transplantation)
Abbreviations: BG, blood glucose; DM, diabetes mellitus; AIDS, acquired immune deficiency syndrome.
a Based on information from the American Diabetes Association. 2 eases. The complexity of managing a patient with cardiovascular disease and diabetes requires a multidisciplinary team. As such, the cardiopulmonary rehabilitation team can provide important clinical guidance to the overall management of these patients. While it is recognized that all program staffs may not have the same access to resources for diabetes management and education, the following recommendations should assist and support these clinicians in the process of the management of DM.
CLASSIFICATION AND DIAGNOSTIC CRITERIA FOR DM
Diabetes mellitus is characterized by hyperglycemia resulting from defects in insulin secretion, insulin action, or both. The American Diabetes Association (ADA) provides classification criteria (Table 1 ) and diagnostic criteria (Table 2) for DM.
can help identify learning deficits and need for referrals. When available, a dietitian or CDE can provide valuable expertise. Working with the patient and staff, a plan of care can be formulated that addresses educational deficits, provides clinical recommendations, and supports behavior change. Self-management topics that can be initiated with patients with diabetes to motivate the changes necessary to achieve independence appear in Table 3 .
Blood Glucose Monitoring
Blood glucose values provide valuable information to the cardiopulmonary rehabilitation team prior to and following the exercise session, or at any time symptoms should arise. However, there are no published guidelines indicating the frequency of BG measurements within the cardiopulmonary rehabilitation setting. However, monitoring is useful to establish patterns for glucose response and potentially to prevent hypoglycemia. 30 Determining how often a person should test BG should be individually assessed on the basis of patient medications, comorbid conditions, medical history, meal plan, time of exercise, and history of hyperglycemia and hypoglycemia. This information should be considered on an ongoing basis for evaluation and possible adjustment of either the exercise program or DM care plan. Patients should also receive education regarding the need for BG testing during planned or unplanned exercise outside the formal exercise setting. 30, 31 The recommendations provided in this statement can be used to establish BG monitoring policy which should reflect individual program policies and procedures which best fit the institutional setting.
Blood Glucose Interpretation
Blood glucose monitoring before and after an activity allows oversight of the glycemic response to a single bout of exertion. If readings remain lower than 100 mg/dL postexercise in patients on insulin, secretagogues, or both, or if patients have symptoms of hypoglycemia or if preexercise readings are higher than 300 mg/dL after the first few sessions, the physician should be notified and guidance provided for medication adjustment or a prescription for individual BG guidelines. Additional periods of BG monitoring may be necessary when a medication change occurs or if hypoglycemia is expected. 30, 32 Evaluating and treating BG response should be individualized on the basis of medical history, the presence of comorbid conditions, medication use, dietary intake, and history of exercise-induced hypoglycemia. The referring physician or provider, endocrinologist, CDE, or dietitian can assist the rehabilitation team in developing the treatment plan and should be included when evaluating and setting BG targets. 33 Patients who have a history of hypoglycemia unawareness may benefit Patients with DM have an increased risk of primary and secondary coronary heart disease, an increased risk of depression which can lead to poor choices regarding medication and lifestyle modifications, and a higher incidence of cerebrovascular disease, as well as other microcirculatory and comorbid complications such as neuropathy, nephropathy, and retinopathy. 18 Patient with DM may have developed long-term complications that make cardiopulmonary rehabilitation more challenging. Examples include blindness, nephropathy, peripheral neuropathy with decreased sensation, deformities, vascular disease with severe claudication or limb amputation, and cardiac autonomic neuropathy characterized by resting tachycardia, inability to increase the heart rate in response to exercise, and orthostatic hypotension. [18] [19] [20] Baseline assessment of risk factors and exercise capacity can provide valuable information for the physician in stratifying risk and managing patients with coronary heart disease. 15, 21 This information can also assist the health care team in determining the individual needs for BG monitoring, appropriate nutrition options, DM medication adjustments, and self-management skills. 22, 23 Self-management skills depend on patient ability to accept the diagnosis and actively manage the disease. A combination of behavioral and medical interventions is particularly effective in reducing cardiovascular risk. The challenge for the clinician is how to help the patient acquire and master the skills needed to sustain lifestyle changes. Assessing the ability of the patient to manage the 7 self-care behaviors outlined by the American Association of Diabetes Educators 24 including healthy eating, being active, monitoring, taking medication, problem solving, reducing risks, and healthy coping, 26, 27 • Assess patient knowledge and ability in performing quality control checks with glucose control solution and calibration of glucose monitor if warranted • Record keeping and interpretation of glucose results Assessment and intervention
• Is the patient proficient in self-monitoring? Staff or patient should assess glucose meter accuracy according to manufacturer instructions; this information can be found in the instruction manual or by calling the customer support phone number • Assess patient readiness to learn and apply self-management skills Medications
• Understanding of medication action and potential for adverse effects, with special attention to concomitant medications that affect glycemic control While infrequent, the occurrence of significant symptomatic hypoglycemia during cardiopulmonary rehabilitation, which may exacerbate with exercise, is a clinical concern. There are also various diabetes medications that present a higher risk for hypoglycemia, such as insulin and sulfonylureas. Cardiopulmonary rehabilitation clinicians should develop a plan to prevent and treat hypoglycemia, which may require an individualized approach for certain patients. Potential drug interactions may also increase risk of hypoglycemia or other adverse effects, for example, the combination of alcohol from setting a higher pre-exercise BG goal to decrease the risk of hypoglycemia. 34 Patients presenting with hypoglycemia or hyperglycemia can be challenging for the rehabilitation team. Tables 4 through 9 can be used in the cardiopulmonary rehabilitation setting to set BG guidelines until a pattern of response is established.
Diabetes Medications
Diabetes medications along with recommendations for lifestyle management, including exercise, are frequently prescribed for patients with DM, (Tables 11 and 12 ). ment of chronic obstructive pulmonary disease, may also cause insulin resistance, hyperglycemia, and changes in the lipid profile. 40 The concerns regarding ␤-blocker use in patients with DM continue to be debated. The risk imposed by and phenytoin (Dilantin) in increasing the risk of hypoglycemia. [38] [39] [40] Because potassium is critical for insulin secretion, thiazide diuretics may affect glucose metabolism, especially if the patient becomes potassium deficient. Prednisone, which is commonly used in the treat- 
T a b l e 3 • Diabetes Self-management Assessment Topics (Continued )

T a b l e 1 0 • Summary of Recommendations/Key Points
Goal One of the key recommendations for patients with type 1 and type 2 DM is optimal BG control; this has been shown to decrease the incidence of microvascular complications related to DM 20 Cardiopulmonary Regular exercise helps maintain appropriate BG levels and is a class I indication in the management of rehabilitation patients with DM 2
The cardiopulmonary rehabilitation setting represents an excellent opportunity for health care providers to monitor and manage DM because of the frequent contact and close relationship that personnel and patients usually develop Aerobic and strength training exercise may trigger hypoglycemia in people with diabetes, particularly in those with tight BG control; this provides positive feedback regarding the effects of exercise on glycemic control Education and guidance are provided to patients to identify risks for hypoglycemia and hyperglycemia and appropriately treat hypoglycemia to avoid unnecessary caloric intake and weight gain 30, 32 Complications Diabetes is a major risk factor for cardiovascular disease; people with diabetes are 2 to 4 times more likely to have cardiovascular disease than people without DM; in addition, cardiovascular disease in people with diabetes occurs at an earlier age and the lesions are more diffuse; people with diabetes have a high prevalence of hypertension (about 50%) and dyslipidemia, which contribute to their increased cardiovascular disease risk People with diabetes, particularly of long duration, are susceptible to autonomic neuropathy and are less likely to have symptoms, for example, angina while experiencing myocardial ischemia; therefore, exercise training tailored by the recognition of symptoms of myocardial ischemia is not straightforward in these patients; indeed, some patients can have a large area of ischemic myocardium before having any chest discomfort or angina equivalent Some people with diabetes may have developed long-term complications that make cardiopulmonary rehabilitation more challenging; examples include blindness, nephropathy, peripheral neuropathy with decreased sensation, peripheral vascular disease with significant claudication or digit/limb amputation, and cardiac autonomic neuropathy, characterized by resting tachycardia, inability to increase the heart rate in response to exercise, and orthostatic (postural) hypotension 33, 35, 36 Abbreviations: BG, blood glucose; DM, diabetes mellitus.
including ␣ 1 -blockade and have been shown to lower insulin resistance, improve glycemic control, and vasodilate resistance arterioles. 37 It is recommended that ␤-blockade, in conjunction with angiotensin-converting enzyme inhibition and aldosterone antagonism, be standard therapy for all patients with DM and heart failure, and that eligible patients are treated with these evidence-based life-prolonging therapies. 41 
Nutritional Considerations
Along with physical activity, primary emphasis should be placed on implementation of nutrition-focused lifestyle modifications, which improve glycemic control and enhance management of blood pressure and lipid abnormalities. This section includes recommendations from a 2007 joint scientific statement regarding nutrition and lifestyle interventions from the ADA and American Heart Association (Table 13) . 42 Medical nutrition therapy (MNT) for patients with diabetes should be individualized on the basis of patient health needs, individual preferences, and willingness to make lifestyle changes. If possible, MNT should be provided by a registered dietitian or CDE familiar with the components of MNT for diabetes. 2 There is no optimal 42 percentage of fat, protein, or carbohydrate for people with diabetes and percentages should be individualized to meet metabolic goals. Regardless of the macronutrient mix, total caloric intake must be appropriate for weight management goals. The use of monounsaturated fats in the diet is recommended along with reduction of the intake of saturated fats, trans fat, and cholesterol. Individual protein needs will vary on the basis of body size, degree of metabolic control, and stage of life, but research supports an intake between 16% and 20% of total calories for those with diabetes.
For carbohydrates, the Dietary Reference Intakes 43, 44 recommends 130 g per day as a minimum requirement because the brain and central nervous system have an absolute requirement for glucose as an energy source. In addition, extensive carbohydrate deprivation could have deleterious effects on health and well-being. 44 However, it should be recognized that all carbohydrate is digested into glucose and therefore, can raise BG levels. For weight loss, the ADA recommends either low-carbohydrate or low-fat, calorie-restricted diets may be effective in the short-term (up to 1 year). More research is needed to determine if these diets facilitate sustained weight loss and glycemic control over a longer period of time. 42 It is no longer recommended that people with diabetes avoid all sucrose (table sugar) or other simple sugars. Instead, patients are advised to identify all food sources of carbohydrate, be cognizant of portion sizes eaten, "count their carbohydrate grams or exchanges," and learn how to interpret the nutrition information on food labels. Diabetes professionals recommend spacing carbohydrate intake throughout the day in approximately 3 meals, including 45 to 60 g of carbohydrates per meal, and 2 to 3 snacks, including 15 to 30 g of carbohydrates per snack. Day to day consistent carbohydrate intake may help improve glycemic control.
The Dietary Approaches to Stop Hypertension (DASH) diet is a simple heart-healthy eating plan with emphasis on sodium reduction and weight control. 45 The DASH diet meets the guidelines discussed here for fat intake, protein intake, limited added sugars, reduced sodium, and controlled carbohydrate intake. An additional option is the Therapeutic Lifestyle Changes (TLC) diet, 46 particularly for patients with long-standing DM,
The TLC diet limits protein indirectly, through its recommendation to restrict saturated fats. In the cardiopulmonary rehabilitation setting, if there is not access to a registered dietitian or CDE, these plans are easy to teach and easy for patients to follow.
SUMMARY
In the cardiopulmonary rehabilitation setting, DM presents both staff and patient challenges in dealing with daily exercise progression. The American Association of Cardiovascular and Pulmonary Rehabilitation and American Heart Association have identified management of diabetes as one of the core components of a cardiac rehabilitation program. 16 Programs must develop policies and procedures that reflect the current evidence and the best practices available. Program staff requires the education and support necessary to make informed decisions regarding optimal BG levels before and after exercise, and to identify comorbid conditions that affect the exercise prescription.
Consideration of progression of activity in patients with diabetes, including intensity, duration, and frequency, should be based on exercise adaptation, glycemic response, control of cardiovascular risk factors, and comorbidities. Moderate intensity exercise, for 150 minutes per week, has a beneficial effect on glycemic control. A combination of aerobic and resistance exercise has shown improved insulin sensitivity and A1c-lowering value. 2 The American College of Sports Medicine and the American Diabetes Association have released a joint position statement on exercise and type 2 diabetes. This can be an excellent resource to help modify the exercise prescription. 34 Access to the integral components of diabetic care and self-management is essential. Treatments and therapies needed to improve glycemic control and reduce the complications of diabetes can be addressed in the setting of cardiopulmonary rehabilitation programs. In addition, a dietitian and the contributions of a certified diabetic educator can provide an additional level of expertise to assist the staff.
The focus of the program staff on behavior change and self-efficacy strongly correlates with the American Association of Diabetes Educators 7 Self-Care Behaviors. 24 Recognizing these similarities, some staff may consider becoming CDE credentialled 48 or boardcertified in advanced diabetes management 49 as part of their professional development. The management of patients with diabetes will continue to challenge cardiopulmonary rehabilitation programs. Facing this challenge requires a partnership between patients, physicians, other health care providers, and the reha-
